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Ensuring vascular surgical training is on the
right track
Erica L. Mitchell, MD,a Sonal Arora, MD,b and Gregory L. Moneta, MD,a Portland, Ore; and London,
United Kingdom
Approval of the primary certificate in vascular surgery eliminated the requirement for certification in general surgery
before vascular surgery certification. New training paradigms for training in vascular surgery have emerged driven by the
desire to offer greater flexibility of training and to shorten the length of training. Many of these changes are based upon
“expert opinion,” promise, and “logic” without objective evaluation of the residents or the training programs themselves.
To be on the forefront of surgical education, vascular surgery will need to adopt methods of curriculum development
firmly grounded in educational principles and use modern assessment tools for the evaluation of competence and
performance. This report presents the evolution and challenges to the current vascular surgical training model and then
argues for a more rigorous and scientific approach to training in vascular surgery. It presents an analysis of potential
avenues for placing education and training in vascular surgery on the forefront of modern surgical education. (J Vasc
Surg 2011;53:517-25.)
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cNew training paradigms in vascular surgery have
evolved since the American Board of Medical Specialties’
(ABMS) approval of a primary certificate in vascular surgery
in 2005, which eliminated the need for prior certification in
general surgery. These new training pathways were primar-
ily developed to improve the efficiency of vascular surgical
training and to make it more attractive to residents and
medical students. However, although these newer ap-
proaches offer greater flexibility and have shortened the
overall length of training, they have been developed largely
based on “expert opinion” and “logic” without objective
or evidence-based measures of evaluation and performance.
At the same time, medical education is moving in the
opposite direction into an outcomes-based era with an
objective and scientific approach to program development
and assessment. Surgical training is now also entering this
new phase heavily influenced by educators trained in edu-
cational theory and objective assessment of resident and
program performance. To remain on the forefront of sur-
gical education, vascular surgery will also need to move in
this direction of rigorous curriculum development, quanti-
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doi:10.1016/j.jvs.2010.08.082ative assessment of vascular resident performance, and
bjective evaluation of the effectiveness of new and tradi-
ional vascular surgical training pathways. This report illus-
rates the challenges with the current vascular surgical
raining models and develops an argument for a more
cientific and quantitative approach to vascular surgical
raining followed by an analysis of potential methods for
lacing education and training in vascular surgery on the
orefront of modern surgical education.
Evolution of vascular training programs. Over the
ast 40 years, vascular surgery has evolved into a de juro
ndependent specialty with a defined large patient base, a
arge body of specialty specific knowledge, and highly tech-
ical open and catheter-based procedures. Vascular surgery
as long regarded as a core component of general surgery
nd, before 1982, there were no specific training programs
olely dedicated to teaching vascular surgery.1 Vascular
urgery was performed primarily by general and cardiotho-
acic surgeons as part of a more global practice.
Although one of the primary purposes for the establish-
ent of the Society for Vascular Surgery® (SVS) in 1947
as “to encourage hospitals to develop special training for
oung surgeons in the field”; organized training beyond
he core 5 years of general surgery training did not come
ntil many years later.2 In the late 1960s, E. Jack Wiley
emonstrated that vascular surgery outcomes were im-
roved if the surgeon’s practice was confined to vascular
urgery. Dr Wiley called for the establishment of formal
esidencies in vascular surgery in his 1970 presidential
ddress “A Quest for Excellence” addressed to the North
merican Chapter of the International Cardiovascular So-
iety.3 After this, a report from the Committee on Vascular
urgery of the Inter-Society Commission of Heart Disease
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February 2011518 Mitchell et alResources outlined the essentials of a vascular surgery pro-
gram which acted as the foundation for establishment of
formal residencies in vascular surgery.4,5
During the next several years, leaders in vascular sur-
gery spearheaded efforts to approve vascular surgery as a
specialty in itself and prepared guidelines for “the essentials
of training programs in vascular surgery.”1 In 1972, they
petitioned for the establishment of a certificate of “Special
Competence in Vascular Surgery,” but these guidelines were
only approved by the American Board of Surgery (ABS) and
American College of Surgeons in 1982. During the interim,
the vascular community assumed a leadership role in establish-
ing minimum standards of training in vascular surgery
through the so-called “Program Evaluation and Endorsement
Committee” group.6 Final approval by all regulatory groups,
including the ABMS, resulted in the approval of the initial 17
vascular training programs.1 There are now 112 approved US
vascular surgery residency programs.
Evolution of a specialty. Initially, vascular surgery
training consisted of 1 year of clinical training after com-
pletion of an Accreditation Council for Graduate Medical
Education (ACGME) accredited general surgery residency
(51). Many programs added a year of research and, by the
late 1980s to early 1990s, most vascular training programs
in the United States were 2 years in length; 1 year of
research and 1 clinical year. With an increased emphasis on
catheter-based techniques, it became obvious that training
in vascular surgery would require 2 clinical years; this was
mandated by the Residency Review Committee for Surgery
(RRC-S) in 2004, establishing vascular surgery as one of
the longest training programs.7,8 More focused and per-
haps more efficient training paradigms beyond the tradi-
tional 52 program were subsequently advocated.9 In
2003, the Early Specialization Program 42 was approved
and trainees could enter vascular surgery residency after a
condensed 4-year residency in general surgery. Recruit-
ment to vascular surgery, however, remained low.
For major changes in vascular surgical training to oc-
cur, more control of training by vascular surgeons was
needed. The primary certificate was approved by the ABMS
and ABS on March 17, 2005, and by the Accreditation
Fig 1. The current pathways for postgraduate education
examinations required for certification. The Traditional
certification in both general and vascular surgery. The I
surgery only.Council for Continuing Medical Education on July 1, p006.10 The primary certificate has eliminated the prereq-
isite to complete a general surgery residency before vascu-
ar training. A new integrated training pathway (05) has
merged and trainees can enter vascular surgical residency
irectly from medical school.11 Graduates from this pro-
ram are eligible for certification in vascular surgery only
Fig 1). Currently, 24 programs offer integrated 05 vas-
ular training and the number is growing.12
Current regulatory oversight of vascular surgical
ducation. There are many stakeholders involved in train-
ng the next generation of vascular surgeons. These are
utlined below.
The Vascular Surgery Board-American Board of
urgery. The Vascular Surgery Board-American Board of
urgery (VSB-ABS) certifies individuals in vascular surgery.
oard certification is voluntary and hospital privileges are
he function of the individual hospital credentialing com-
ittees.11 For the 52 and 42 tracks, certification can be
chieved in both general and vascular surgery (Fig 1).
owever, candidates can choose not to certify in general
urgery and certify solely in vascular surgery. To be eligible
or the vascular surgery qualifying examination (QE) and
ertifying examination (CE), candidates must pass the gen-
ral surgery qualifying examination (GS QE) if training was
ompleted before the primary certificate (2005-2006) or
ither the GS QE or the surgical principles examination
SPE) if training was completed after 2006. The SPE, a test
f core surgical knowledge, followed by the vascular sur-
ery QE and CE, is the only certification pathway for
esidents training in a 05 track.11
The ABS is also responsible for the Vascular Surgery
n-Training Examination (VSITE) offered annually to res-
dents in training; this examination is not required as part of
he certification process.
The Accreditation Council for Graduate Medical
ducation and the Residency Review Committee for
urgery. The ACGME through the RRC-S certifies resi-
encies are discharging their educational responsibilities
uccessfully. The Residency Review Committee (RRC)
erforms on-site visits to residency programs at least every 5
ears. RRC program requirements are detailed and encom-
scular surgery and associated American Board of Surgery
) and Early Specialization Program (42) can lead to
ated (05) pathway allows for certification in vascularin va
(52
ntegrass program curriculum, work environment, work hour
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Volume 53, Number 2 Mitchell et al 519restrictions, and eligibility requirements for faculty and
program directors. In essence, the RRC-S assures that
individual vascular residency programs provide the proper
learning environment for residents.
The Association for ProgramDirectors for Vascular
Surgery. The Association for Program Directors for Vas-
cular Surgery (APDVS) includes the directors of vascular
surgery residency programs who are directly responsible for
educating vascular residents. The APDVS is independent of
the SVS, the VSB-ABS, and RRC-S. It plays a critical role in
improving the quality of vascular residency education
within guidelines effectively imposed by the RRC-S and
VSB-ABS. The APDVS provides a list of educational ob-
jectives and a reading list that currently serves as the “cur-
riculum” for vascular surgical training.
The Society for Vascular Surgery®. The SVS is ac-
credited by the Accreditation Council for Continuing
Medical Education to provide continuing medical educa-
tion (CME) for physicians; and the SVS has aligned with
the ABS to “develop and implement” CME programs
relevant to vascular health care.13 The SVS provides
various postgraduate educational activities including
meetings, hands-on workshops, journal-based CME,
and self-assessment CME through the Vascular Educa-
tion through Self-Assessment Program.
Challenges with the current vascular surgical train-
ing model. Despite the many strengths of the traditional
surgery residency education model, there exist several
shortcomings with the current training paradigm. The cur-
riculum is broad based and the training experiences of
vascular surgery residents vary widely. The current “curric-
ulum” does not clearly align curriculum objectives with
outcomes, and standardized objective methods of assessing
resident clinical and technical competence are lacking. It is
difficult to assess, and thus ensure, that residents from
differing programs and training tracts are receiving equal
and adequate training in all areas of vascular surgery.
Current status of the vascular surgery curricu-
lum. The current vascular surgery curriculum reflects the
vision and mission of the various stakeholders in vascular
surgery. Whereas the APDVS is largely responsible for the
curriculum, other stakeholders have an influence on resi-
dent education and training. The curriculum, as it currently
stands, broadly specifies the cognitive domain and clinical
learning objectives for residency training.
The VSB-ABS, by virtue of the changing content of the
written and certifying examinations, influences the broad
outline of the curriculum for vascular surgery residency.
Recently, the VSB expanded the QE to encompass ques-
tions pertinent to vascular medicine; program directors
must now incorporate vascular medicine into their training
curriculums. The VSB-ABS, along with the APDVS, also
determines the number of surgical procedures that must be
performed during residency training. These numbers are
then fulfilled through mandates from the RRC-S.
The Education Council of the SVS “oversees SVS
activities related to training of residents and fellows.”11 The
SVS can potentially influence resident training through cndorsement of practice guidelines. For example, the Clin-
cal Practice Council for the SVS recently published practice
uidelines for hospital privileges in vascular and endovas-
ular surgery (Tables I and II).14 Through this endorse-
ent, the SVS set standards for hospital privileging. Pro-
ram directors are responsible to provide sufficient clinical
aterial to allow their trainees to meet these standards.
The ACGME obviously influences resident training by
able I. Areas of advanced knowledge and experience of
vascular specialist as described by the Clinical Practice
ouncil of the SVS14
nderstanding of the pathophysiology of the formation and
natural history of arterial and venous disorders, including:
Atherosclerosis
Intimal hyperplasia
Non-atherosclerotic arterial disorders
Acute and chronic venous and lymphatic diseases
End-organ disorders
linical evaluation of vascular patients, including:
History
Physical examination
Medical management (pharmacotherapy and risk factor reduc-
tion)
on-invasive and invasive diagnostic testing of vascular disease,
including but not limited to:
Duplex ultrasound scanning
Doppler testing
Plethysmography
Magnetic resonance imaging
Computed tomography angiography
Contrast angiography and venography
Intravascular ultrasonography
ndications and techniques for open surgical treatment of
vascular disorders, including:
Congenital, occlusive, traumatic, aneurysmal, and inflamma-
tory disease involving arteries of the cerebrovascular system
X Carotid artery and branches, upper extremity arteries, in-
trathoracic arch branches, aortic arch, descending thoracic
aorta, abdominal aorta, visceral and renal arteries, pelvic
and lower extremity arteries
X Venous system of the neck, chest, abdomen, pelvis and up-
per and lower extremities
X Vessels usually excluded from consideration include the
intracranial vessels and vessels intrinsic to the heart
ndications and techniques for endovascular intervention,
including:
Balloon angioplasty, stenting, and disobliteration procedures
of all vessels (excluding intracranial and coronary arteries)
Thoracic and abdominal aortic and peripheral vascular en-
dograft placement
Thrombolysis
Other endovascular adjuncts for vascular reconstruction
ritical care management, including:
Preoperative and postoperative evaluation and treatment of
vascular patients in the ICU setting
Indication and techniques for:
X Peripheral arterial monitoring
X Central venous monitoring
X Pulmonary artery catheters
dapted from “Guidelines for Hospital Privileges in Vascular and
Endovascular Surgery: Recommendation of the Society for
Vascular Surgery.”14
CU, Intensive care unit; SVS, Society for Vascular Surgery.ontrolling resident work hours and mandating compe-
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February 2011520 Mitchell et altency in the six core competencies. The RRC ensures that
programs provide the appropriate milieu for learning, and
that programs have sufficient clinical material and case
numbers for residency training.
Perhaps because of all of these above influences on
vascular surgical residency training, there is no single well-
defined core curriculum common to all training programs.
Although the shareholders have all contributed to the
cognitive domain component of the current curriculum,
this curriculum, at this time, is not much more than a
comprehensive list of learning objectives with a recom-
mended reading and reference list. Other than a CD by the
SVS on vascular laboratory interpretation, there exist no
specific educational modules or instructional tools to im-
plement curriculum content. The APDVS is currently un-
dertaking the enormous task of updating and expanding on
the educational content of the vascular curriculum. How-
ever, much work needs to be done to provide efficient and
effective methods for its delivery and to link the goals and
objectives with an assessment process.
Assessment of clinical competence. Assessment of
clinical competence has become an increasingly important
Table II. Training requirements for vascular surgery
residents
Open surgery (RRC established minimum
requirements)
Abdominal 30
Cerebrovascular 25
Peripheral 45
Complex 10
Endovascular interventions (RRC established minimum
requirements)
Endovascular diagnostic* 100
Endovascular therapeutic** 80
Endovascular aortic aneurysm repair 20
Non-invasive vascular laboratory diagnosis (suggested
by the ICVAL)
Peripheral arterial physiologic test 100
Peripheral arterial duplex scanning 100
Peripheral venous duplex scanning 100
Carotid duplex scanning 100
Transcranial duplex/Doppler scanning 100
Visceral vascular duplex scanning 75
Medical management
Vascular residents should have a thorough understanding of
vascular disease factors and their management. Vascular
residents are also expected to be closely involved in the
management of vascular surgical patients in intensive care
units and should have an active role in all critical care
management decisions.
Adapted from “Guidelines for Hospital Privileges in Vascular and
Endovascular Surgery: Recommendation of the Society for
Vascular Surgery.”14
ICVAL, Inter-Societal Commission for Accreditation of Vascular Laborato-
ries; RRC, Residency Review Committee.
*Diagnostic catheterizations should be balanced among various vascular
beds and at least half should be selective catheterizations with 75% being
arterial and 25% venous.
**A total of 75% of therapeutic catheterizations should be on the arterial
system.area of concern in surgical education. Various stakeholders pow require evidence that assessments are discriminating
etween the sufficiently and insufficiently competent at all
evels. It is increasingly important for medical educators to
ormally incorporate competency based assessments into
raining curriculums.
The terms “competence” and “performance” are often
istakenly used interchangeably. There is, however, a clear
istinction. Competence is defined as how well a trainee
an do in a controlled representation of professional prac-
ice. Performance, on the other hand, is defined as how well
trainee does in real life when not being supervised. Com-
etence is recognized through certification, whereas per-
ormance is recognized through recertification.15 To add
o this complexity, the term “clinical competence” also
ncompasses other practice elements beyond specialist
nowledge, such as history taking and examination skills,
kills in practical procedures, doctor-patient communica-
ion, and management skills.16,17
All of these facets cannot be assessed solely by written
ests (Fig 2). The direct observation of residents by their
rainers, therefore, remains the primary means for the as-
essment of clinical competence.18 All assessments, be they
elated to patient care or nonoperative or operative skills,
re currently based upon subjective performance ratings
rom faculty. Assessment of nonoperative skills to satisfy
CGME requirements are often considered a paperwork
hassle.” However, legitimate reasons for competence as-
essment include: (1) an aid to learning through construc-
ive feedback; (2) to determine the level that the trainee has
eached; (3) ensure progress is being made; (4) to ensure
atient safety before a trainee performs a procedure with
inimal supervision; and (5) for certification of completion
f training.19 These are skills expected by the public of
ig 2. Miller’s pyramid for assessing clinical competence. Knowl-
dge (Knows) is at the lowest level of the pyramid, followed by
ompetence (Knows how), performance (Shows how), and action
Does).18racticing physicians.
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Volume 53, Number 2 Mitchell et al 521Assessment modalities in the current curriculum in-
clude forms to document ACGME competencies, the
VSITE, and operative logs. The ACGME core competen-
cies include knowledge, professionalism, patient care,
practice-based learning and improvement, interpersonal and
communication skills, and systems-based practice. The
VSITE, SPE, and QE primarily assess cognitive knowledge.
Valid and reliable objective evaluation tools to evaluate
operative competence and surgical judgment currently do
not exist. Operative logs and case numbers are used as a
surrogate for operative competence. It is assumed, without
proof, that operative competence and surgical judgment
are achieved after completion of a defined number of cases.
This number, a requirement for board eligibility, is defined
by the VSB-ABS and APDVS. Some residents, however,
achieve “competence” with X number of cases whereas
others remain significantly “less competent” with 3X num-
ber of cases. There is also no system in place to evaluate
experience gained and clinical competency in care of the
critically ill patient or medical management of vascular
patients not requiring operative intervention. Thus, many
facets of competence demanded by the public are not
included in the current residency curriculum or evaluative
process.
Evaluating the training pathways. The 05 vascular
training paradigm is gaining popularity. The 05 programs
have specifically designed curriculums that emphasize vas-
cular disease and each 05 program is permitted to design
its own curriculum based largely on local availability of
educational material and resources. It has been argued that
05 programs, with specific rotations in medical specialties
related to vascular disease, provide superior training for
vascular residents, even with less general surgical experi-
ence. There is, however, no evidence that this is true. It is
still unclear if the markedly diminished general surgical
experience will be detrimental to 05 resident clinical
competence and performance of complex open vascular
procedures. Certainly, many relevant clinical skills pertinent
to medical management of vascular surgical patients are
acquired in general surgery training. The 52 approach,
although admittedly long, has been tested by experience.
This traditional training track has been effective in pro-
ducing competent surgeons and the certification rate for
vascular trainees is more than 90%. Unfortunately, there
is no system in place to evaluate and compare the effec-
tiveness of the three training paradigms. Such a system is
needed to ensure that different training paradigms pro-
duce equally competent vascular surgeons capable of
similar levels of performance.
In summary, problems with the current vascular surgi-
cal training paradigms exist on two levels. There is no
specified and systematic integration of the regulatory agen-
cies and stakeholders in vascular training programs, and
new vascular training programs are being started without
adequate standardization of the curriculum and assessment
modalities. fOTENTIAL AVENUES FOR IMPROVING
ASCULAR SURGERY EDUCATION
Develop a national competency based core curricu-
um for vascular surgery residency. The current trend in
urgical training is a move toward a structured competency
ased curriculum requiring objective and ongoing docu-
entation of proficiency both in residency training and in
ractice. Toward this end, national organizations including
he American College of Surgeons, ABS, RRC-S, American
urgical Association, Association for Program Directors in
urgery, and Association for Surgical Education have estab-
ished a national consortium called the Surgical Council on
esident Education (SCORE) to reform general surgical
esidency education.20 The thrust of SCORE’s endeavor is
o develop a national curriculum that will include a spec-
rum of educational offerings delivered in a modular sys-
em. The curriculum includes didactic content, simulated
xperiences, clinical and surgical experiences, and valid and
eliable performance assessments.
A curriculum exactly mirroring SCORE may be fiscally
nattainable for a small specialty like vascular surgery.
owever, a competency based curriculum could be devel-
ped for vascular surgery to reflect the goals of stakeholders
nvested in this training. A committee, with representatives
rom the APDVS, VSB-ABS, RRC, and Education Council
f the SVS, could be established to consider changes in
ascular surgical education. This committee, ideally chaired
y a member from the APDVS, could be charged with
eveloping a core vascular surgical curriculum, defining
pecialty specific core competencies, establishing the most
easible methods for teaching these competencies, and pro-
iding guidelines for assessing these competencies. This
ational curriculum should cover the five core areas essen-
ial for a vascular specialist: medical management of vascu-
ar disorders, noninvasive and invasive diagnostic testing,
pen surgical procedures, endovascular interventions, and
anagement of critically ill patients.14 The core curriculum
hould be designed so that it can be used by all training
rograms. The core curriculum must facilitate learning by
nsuring that the core content of the training program, the
ore competencies expected as outcomes, and the assess-
ents practices are all aligned. Such a curriculum would
nsure that no matter what program or tract a resident
ompleted, they would have achieved measurable accept-
ble levels of competence in all core competencies. Align-
ent of this core curriculum with RRC review would
nsure that all programs participate.
To allow for inter-program variability and training tract
ifferences, the vascular surgery curriculum should continue
o offer educational modules outside of the core curriculum.
his would provide flexibility within differing training para-
igms and different institutions. How the individual programs
ctually deliver the curriculum would depend on their institu-
ion’s volume, case distribution, hospital resources, and fac-
lty number, and program type (0-5, 42, and 52). Each
rogram’s non-core curriculum should still require approval
rom the RRC. A vascular surgical curriculum with agreed
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by local variation, would provide a standard format of educa-
tion for vascular trainees. It would assure competence in the
core components of vascular surgery and permit individual
programs to take advantage of local resources.
Development of structured assessments of compe-
tence and performance. An assessment system should be
designed to determine whether trainees are meeting standards
of competence and performance specific for their level of
training. This will permit program directors to determine
whether trainees are making appropriate progress in knowl-
edge, technical skills, and non-technical skills acquisition ap-
propriate for board certification. Over the past decade, a
variety of tools for assessing clinical competence have been
developed. Most familiar to us is the framework of compe-
tence that arose from the Outcome (“Milestones”) Project.12
Table III. Workplace-based assessments21
Assessment tool Description Compete
CBD Structured, in-depth discussion
of clinical case managed by
resident
Medical rec
Clinical asse
Decision-m
Professional
Overall clini
Mini-CEX Observation of trainee
interaction with a patient in
a clinical encounter
History taki
Physical exa
Professional
Clinical judg
Communica
Organizatio
Overall com
PBAs Assessment of routine index
procedures or parts of a
procedure
Technical sk
Operative sk
Professional
DOPS skills in
surgery
Assessment of a complete
procedure
Technical sk
Operative sk
Professional
Mini-PAT A 360° assessment or MSF and
self-assessment
Communica
Professional
team-wor
environm
CECs Direct observation of a patient
encounter
History taki
Physical exa
Professional
Technical sk
Case presen
Problem for
(diagnosi
Problem sol
CBD, Case-based discussion; CECs, clinical encounter cards; DOPS, direc
mini-PAT, mini-peer assessment tool; MSF, multi-source feedback; PBAs, pIn this framework, competence as a physician is defined as gchieving competence in the six ACGME domains of compe-
ency. A seventh competency, technical skills, will soon be
dded to this list. Other familiar assessments include the
SITE, 360° or multisource feedback (MSF), portfolios, and
ase logs.
Assessment tools not commonly used in the United
tates, but applicable to surgery, include workplace-based
ssessments (WBAs). WBAs allow for assessment in authen-
ic situations and focus on how residents combine knowl-
dge and skills, judgments, and attitudes in dealing with
ealistic problems of professional practice. WBAs include
ase-based discussion (CBD), mini-clinical evaluation exer-
ise (mini-CEX), procedure-based assessments (PBAs), and
irect observation of procedural skills (DOPS; Table III).21
BAs provide a valid assessment of clinical competence
nd assessment tools such as these that need to be inte-
ssessed Advantages/disadvantages
eeping
nt
dgment
Provides formative feedback
Takes 15-20 minutes, followed by 5-10 minutes
for feedback
Reliability and validity supported by literature
tion
t
skills
ciency
ce
Assessed by multiple assessors on multiple
occasions
Provides formative feedback
Takes 15-20 minutes
Procedure assessed is appropriate for level of
training
Can be used routinely every time the trainee
performs a procedure
Judgment made on overall performance
Provides formative feedback
Takes 15-20 minutes
Trainee provided with a list of commonly
performed procedures for which they are
expected to demonstrate competence
Assessed by multiple assessors on multiple
occasions
Assessor provides appropriate level of supervision
during the procedure
Ensures trainees receive specific procedural
feedback
skills
ithin a
Enables comparison of the self-assessment with the
collated views received from co-workers for each
of the 16 competencies
Identifies area of concern regarding probability and
health
tion
vior
tion
(therapy)
Similar to mini-CEX
Provides formative feedback
Feasible, valid, and reliable measure of clinical
competence
rvation of procedural skills; mini-CEX, mini clinical evaluation exercise;
ure-based assessments.ncy a
ord k
ssme
aking
ism
cal ju
ng
mina
ism
men
tion
n/effi
peten
ills
ills
ism
ills
ills
ism
tion
ism w
king
ent
ng
mina
beha
ill
tation
mula
s)
ving
t obserated into the vascular surgical curriculum (Table IV).21
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Volume 53, Number 2 Mitchell et al 523Judgments about the quality and fitness of resident perfor-
mance(s) are made by the assessor(s); faculty feedback is an
important component of the assessment process. Faculty
assessment and trainee self-assessment are used to develop
action plans to address performance deficiencies. This
method combines formative and summative assessment
and provides a mechanism for assessing competence and
addressing deficiencies.
Operative performance rating systems are being devel-
oped for competency ratings of core general surgical pro-
cedures. Southern Illinois University, in collaboration with
the Association for Surgical Education and ABS, is beta
testing these forms with the plan of integrating them into
surgical training programs. We are piloting similar tools for
core vascular surgical procedures at Oregon Health &
Science University. Procedure-based assessments will pro-
Table IV. Tools available for assessment of clinical compe
Skill Components of competence
Patient care Medical knowledgea patient carea Onlin
QE
Direc
Video
MS
Reflec
Non-technical skills Professionalisma
Interpersonal and communication
skillsa
Patient-based learning and
improvementa
Systems-based practicea
Situation awareness and decision
making
Comp
Comp
Struct
Mini-
PBAs
Mini-
Oral e
MSA
Tools
NO
Revie
Technical skills Procedural or operative skills
(simulation and operating
room)
Revie
PBAs
DOP
Video
OSAT
pro
ACGME, Accreditation Council of Graduate Medical Education; CBD, c
procedural skills; mini-CES, mini-clinical evaluation exercise; mini-PAT, m
including self, peer, faculty, expert, or patient); NOTECHS, nontechnica
assessment of technical skills; OSCE, objective structured clinical examinatio
assessments; QE, qualifying examination; SPE, surgical principles examinatio
aACGME core competencies.
Table V. The Fitts-Posner three-stage theory of motor sk
Stage Goal
Cognitive Understand the task Explanatio
Associative Understand how discrete parts of
the task relate to one another
Repetitive
Autonomous Unconsciously perform the task Sustained
“Overlear
practice
proficie
Adapted from Fitts and Posner.23vide a more structured assessment of operative compe- sence, surgical judgment, and clinical acumen thereby re-
ucing subjectivity and identifying areas for improvement.
Use of simulation-based surgical education modules.
imulation-based training is becoming widely established
ithin surgical education, and laboratories dedicated to
eaching the technical aspects of surgical skill have become
ncreasingly popular. It offers obvious benefits to novice
urgeons learning invasive procedural skills, especially in
he climate of decreasing clinical exposure.22 Simulation-
ased training provides a safe structured environment for
otor skills acquisition where basic surgical skills are
earned and practiced with the aim of better preparing
rainees for the operating room (OR) experience. Although
imulation-based training is unlikely to replace real OR
xperiences, it serves as an adjunct for training and provides
safe learning environment for the three stages of motor
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simulate management of procedural complications, all
without adverse affects to patients.24-26 The importance of
offering structured educational opportunities to address
surgical skills in controlled, simulated settings has been
recognized by the RRC-S. The most recent ACGME Pro-
gram Requirements for General Surgery state that re-
sources at surgery residency programs should include “sim-
ulation and skills laboratories.”12
Simulators applicable to vascular surgery range from
partial task trainers to high fidelity mock ORs. Distributed
practice of open surgical skills on low-fidelity models (eg,
synthetic models) has been shown to improve technical skill
acquisition and retention.27-29 High-fidelity virtual reality
(VR) simulators provide a variety of endovascular training
options including angioplasty and stenting of the carotid,
renal, iliac, and superficial femoral arteries, caval filter de-
ployment, and simulated aortic aneurysm repair. VR simu-
lators have an advantage over low-fidelity simulators in that
they have the ability to automatically and instantly provide
an objective performance report based on quantitative and
qualitative assessment parameters. Learner’s skill can be
objectively assessed and output metrics used for objective
evaluation and feedback.
There remain several barriers to widespread integration
of VR simulators into training programs. The devices are
expensive, in excess of $100,000, and require regular cali-
bration, maintenance, and updating. Current training on
the simulator is also limited by challenges in unrealistic
tactile feedback and graphical interfaces. Transferability of
endovascular skills from the VR realm to the OR remains to
be proven. However, research has demonstrated good
transferability of VR laparoscopic skills to the OR. The
benefit from laparoscopic simulation training is the ability
to decrease the time to achieve proficiency in the real
environment, the so-called transfer effectiveness ratio orig-
inally developed in the aviation industry. The transfer effec-
tiveness ratio for a VR laparoscopic training curriculum is in
the order of 2.3; every hour spent training on the VR
simulator reduces the time to achieve proficiency on a
porcine laparoscopic cholecystectomy by 2.3 hours.30
Work similar to this is needed to validate an endovascular
simulation-training curriculum before endovascular simu-
lator use in vascular surgical training can be mandated.
Simulation in residency training is a tool within the
curriculum.31 Successful incorporation of simulation into
training is dependent on the effectiveness of the curricu-
lum. Although a particular simulator may be associated
with numerous facets of validity, it is the curriculum that
dictates how rapidly trainees will learn.32 Curricula and best
practice guidelines for incorporating simulation into train-
ing, as seen in other specialties, therefore, ideally are devel-
oped in tandem.33 Simulation training should be goal
oriented and proficiency based so that skills can be prac-
ticed at the learner’s pace to a predefined level of profi-
ciency. The simulation curriculum should include a cogni-
tive component, sustained deliberate and distributed
practice, overtraining and maintenance training, methods Of assessment, a venue for feedback, and opportunity for
rror analysis.34
Evaluation of the curriculum. Program evaluation is
ssential; all components of the curricula should be com-
atible. A framework should be in place to ensure that
urricula goals and objectives, educational opportunities
nd experiences, in-training assessments, and program out-
omes are constructively aligned. Assessments of knowl-
dge through the VSITE, and technical and non-technical
kill through workplace-based assessments should provide
eedback to program directors to areas of weakness in
raining opportunities and deficiencies in the program cur-
iculum. Finally, curriculum outcomes should be mea-
ured within programs and compared amongst programs.
SITE, SPE, QE, and CE scores should be analyzed and
omparisons should be made with prior years and amongst
rograms. Efficacy of curriculum content, training efforts,
nd evaluation tools should be assessed long term through
orrelations of performance, onboard examinations, and
hrough maintenance of certification programs. Clinical
erformance and patient outcomes after residency training
hould also be linked back to training competencies and to
aintenance of certification programs.
ONCLUSION
Surgical education in the United States is moving to a
ompetency based model that emphasizes objective assess-
ent methods for appraising clinical competence. New
raining paradigms have emerged with traditional 52
raining tracks being supplemented with shorter 42 and
5 training programs. However, there is no evidence that
he new training paradigms will provide superior or even
qual training. In fact, the new training paradigms are
eing adopted largely based on promise without objective
vidence of efficacy or efficiency. To make sure we are on
he right track, vascular surgical educators must work to
nsert reliable and validated measures of competence into
he assessment of both the traditional and new training
aradigms. These paradigm shifts in vascular surgical train-
ng must be mirrored by paradigm shifts in the evaluation of
he structure, content, and effectiveness of training. Only
hen can we truly ensure that vascular surgical training,
egardless of training track, produces individuals compe-
ent to provide the highest quality of care for all patients.
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Dr Mitchell and her colleagues review the evolution of
vascular surgery training and raise concerns as to whether the
recent advent of integrated (05) residency programs will
produce vascular surgeons comparably competent to those that
complete independent (52) programs. The authors ascribe the
advent of the 05 paradigm to the desire to offer greater
flexibility in the framework of shorter training. Although unar-
guably true, perhaps a more important factor was the progres-
sive applicability of endovascular techniques and a correspond-
ing decrease in open surgery. This change raised questions
about the value of senior level non-vascular surgery experiences
during (general) surgery residency vs the time needed for
adequate exposure to the broadening therapeutic options that
characterize vascular surgery.
The authors’ specific concern about the new pathway is that
it lacks objective evaluation of the residents or the trainingramework, suggests that both pathways, and many other spe-
ialties programs, have similar deficiencies; valid, objective mea-
ures exist for some competencies but not for many others.
pecifically, the bottom tier of the pyramid, Knows, can be
easured with multiple-choice examinations that have estab-
ished psychometric validity and reliability. Although graduates
f 05 programs will not be admissible to the Vascular Surgery
ualifying Examination until after the first cohort of trainees
omplete their training in 2012, trainees from both pathways
ave taken the Vascular Surgery In-Training Examination each
f the past 3 years. On the 2010 Vascular Surgery In-Training
xamination, 52 trainees had a better overall performance
han level I and level II 05 trainees, but level III 05 trainees
ad better a overall performance than level I or level II 52
rainees. Thus, by level III, 05 trainees seem to have made up
or any initial deficits in their fundamental knowledge of vascu-
ar surgery.
